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(54) Genetic transformation using a PARP inhibitor 

(57) The invention concerns a process for produc- 
ing transgenic eucaryots cells, particularly plants, which 
conprises: contacting a culture of untransformed cells 
with an inhibitor of poly-(ADP-ribose) polymerase for a 
period of time sufficient to reduce the response of the 
cultured cells to stress and to reduce their metabolism. 
The untransformed ceils are then contacted with foreign 
DNA comprising at least one gene of interest under 
conditions in which the foreign DNA is taken up by the 
untransformed cells and the gene of interest is stabty 
integrated in the nuclear genome of the untransformed 
cells to produce the transgenic cells. Optionally, the 
transgenic cells are recovered from the culture. Prefera- 
bly, the inhibitor is niacinamide, preferably at a concen- 
tration of about 200 mg/l to 500 mg/l, and the 
untransformed cells are cultured in a medium contain- 
ing the inhibitor for a period of time of approximately 3 to 
14 days prior to the contacting with the foreign DNA. 
The invention also relates to a plant having in the 
nuclear genome of its cells foreign DNA integrated only 
in the regions of the nuclear genome that are transcrip- 
tionally active in the cells of the plant when the cells are 
treated with an effective amount of a PARP inhibitor for 
a period of time sufficient to reduce cell metabolism to a 
state where gene expression is essentially limited to 
genes expressed irrespective of the differenciated or 
phystofogicaJ condition of the cell. 
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Description 

This invention is related to tissue culture of eucaryotic cells and improved techniques to obtain genetically trans- 
lormS ei^rS ieS aS^organisms. such as transgenic plant ceils or plants, by «o«'ering ttie^ess rea«.on of oul- 
SrX^^cete prior to contac«ng the cells with foreign DNA. particularly by specrf.c .nh.brt.on of poly-(ADP- 
ribose) polymerase. 

RaflkarounH ta the invention 

Over the years manytechniquesfor the genetic transformation of higher organisms(anin«lsandp^^^ 
devSSd in^e techniques ft is the uHimate goal to obtain a transgenic organism. e.gj plant, in wt^ch «n cells c»n- 
S^gn DNA comprising a gene of interest (the so-cal^ 

""'Vr^SrSi's a complex process which ^ways involves the contacting of starting cells with a DNA^ .dually a 
ONASs^?JJgngeSs)<Sinterest. The contacting of t^ 

pr^rSrSake cS «?e DNA by tine cells and the integration of the DNA. including the gene(s) of .nterest into tiie 

Sng ^Iterlsfomiation are usually cells that have been cuHured invifia for some ti'^^:,'^^^' 
wSTtSeS^Thrtransformed cells generally need to be cultured iovitfi for a certain penod .n o«Jer to separate tt^e 
S^SmTcJ^ fSSThe^^^ cells and. in the case of plants, to regenerate fransfomied plante from tiie 

SSrmS cells. I^eed, complete plants can be regenerated from individual transformed ceOs thus ensunng that all 

to ini«luce a oart of their Ti-plasmid. i.e. the T-DNA. into plant cells and to integrate th.s T-ONA into tiie nuclear 

^ome^'frc^rr^^^^^^^^ 

Sric DNA sequences, the so-called left and right T-DNA border sequerwes and that tiie 

beS^een th2e bo«Jer sequences can be replaced by foreign DNA (European Patent PubLcation EP 116718. 

cSrA'^dLr f p"^^^^^^^ S rSnt to Ag^b^ mediated .ansformation and in th^e spec^^ 
as^eJ ^rSals, gene? c transformation has been achieved by means of direct gene tranter by DNA .s 
^se^^TntX^ls bjphysical and/or chemical means, such as electroporation. by^^^^^ 
ySyleneglycol (PEG), by bomba«lment of the cells with DNA-coated m.croprojecl.les. etc. (WO 92/09696. Potrykus et 
al 1991 AnnuRev.PlantPhysiol.PlantMol.Biol. 42:205-225). ■ :„ ♦h^. 

Gene^ tensformalion of eucaryotic cells is generally a random event, i.e. ttie transgene is .ntegrated .n ttie 

; genome t raSom Sons Often several copies (or parts of copies) of the transfom^ing ^NA are -rnesr^^^;"^^^^^^ 
de Son and/orSdifferent positions, resulting in a transformed cell containing multiple cop.^ of ttie t^nsgene^ 
?SeCeiioHtheLsgene is known to be influenced by its posrtion in the genoma For instance, a fore.gn DMA. 
l3SSd t a riVntSll appears to integrate randomly in the plant genome. Examination of .ndependentiy trans- 
S^ei Ss te^sS a high^egree of vaSbility (up to 100-foW) in ttie expression level of the introduced gene. Sev- 

0 ^^tSStTetZ^noLr2iion between this -between-transfomnant variabilrty" and the copy number of tine 
Sld1.frDNA at^ven locus. It has been suggested that some of tiie -^^"^ V^^^T^^l^^^A Ser 

'"^e inCession of many introduced genes in independent transgenic plante necessitates la^e num- 

bers^ JnsgenXplaSlo be assayed to accurately quantitate ft^^^ 

toice If the iwurrtof between-transformantvariabilrty could be reduced (Dea^ ^^'Si^ iSSc-d in 
,0 ff lie Sene is under the control of a tissue-specific promoter, with the expedaton that rt wrtl be aqxessed m 
selectStSuTotthetransformed organisms, the position effects can lead, atleast.n °' 
SSSw of the promoter and expression of the transgene in undesired tissues, e.g. .n tissue cultijred uuito 
"^XlhatSSknowntoiZncetheeffidency*^ 

of DNA delivery specific tissue oufture conditkxis. the physfological and metabolic state of the large^ cells etc. Dirert 

.5 JeneTanSKilSL J^^^^ 

the transgene. Many of these factors are not under the control of man. 
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fi^ immarv Q f the Invention 
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Xed cells that are being contacted or that have been contacted wrth the foreign D NA. 
naerfi ptinn ftf the Invention 

30 Cleaver et al. 1 991 . Mutation Res. 257:1-18). . » imniiratPd in- 

The biological function of PARP is largely unl«nown but the enzyme has been implicated in. 

. enhancement of DNA repar (Satoh et ^. 1992. Nature 356:356-358; Satoh et al. 1993. J.Biol.Chem. 268:5480- 
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^ombina«on events: ingeneral inhibition Of PARP is Observed to inh^ 



It is toiown that PARP can be efficienliy inhibited byanumber of compounds (Durteczetal. 198^ 
^ofi ^^fn^Tal iaaV Biochemistry 21-1813-1821). Examples of such compounds are certain pyridine ana'oQS such 

niacinamide is believed to be a useful inhibHor for «\« P^ll^^j^ ^ genetic transformation of 

Basically the present invention provides a modification of existing proceaures ror me 8«"«^2." paro inhibitor 
eucaT^?ceirpanicularly plant cells, by including in the medium in which such cells are cultured a PARP inhibitor 



3 



EP 0 757 102 A1 

such as niacinamide, tor a defined period of time. In particular the PARP inhibitor is added to the culture medium at least 
1 day prior to the moment (the "contacting time") at which the cells are contacted with foreign DNA compnsing one or 
more genes of interest However, the PARP inhibitor may also be added to the culture medium during and after the con- 
tacting time. 

5 In one aspect of this invention treatment of cultured cells, tissues or organs with PARP inhibitors can be used to 
increase the quality of transformation as measured by the copy number of the transgwie and by variation in transgene 
expression (quality and quantity) in the transfonned cells and in organisms obtained from the transformed cdls. 
In many conventional procedures for genetic transtonnation of eucaryotic cells, particularly plant cells. cuHured cells, 
tissues or organs are used as starting material and cells in such cultures are contacted with foreign DNA comprising at 

10 least one gene of interest (i.e. the transgene) under condHions that will promote the uptake of the foreign DIMA in the 
ceOs and the uHimate integration of the foreign DNA into the genome of the ce«s. In one embodiment of the invention it 
is preferred that a PARP inhtoitor is added to the culture medium for a period of at least 2-3 days, preferably at least 
about 3 days, prior to contacting the cells with the foreign DNA. The exact period in wrtiich the cultured cells are incu- 
bated in PARP inhWtor containing medium Is believed not to be critical but should probably not exceed 4 weeks. It 

»5 appears that 2-14 days, particularly 3-10 days, is an optimal period and best results were obtained with an incubation 
period of approximately 4 to 5 days prior to the contacting time. Generally it is believed that 4 days is a useful period for 
the F^RP inhtoitor to be added to the culture inedlum prior to the contacting time. 

The concentration of the PARP inhibitor in the medium is also believed to have an effect on the inhibitor of PARP. 
wWch varies depending on the nature of the cells (spedes. tissue explant. general culture conditions, etc.) However, 

20 Within certain concentration ranges, the effect is minimal, especially when the cultured cells are not incubated for longer 
than 14 days. The optimal concentration will depend on the nature of the specific PARP inhibitor used, particularty on 
its length of inhibrtion (as measured by its Ki and/or by its percaitage inhtoition of PARP under standard conditions - 
Sims et al, synia)- « was found for instance that tine optimal concentration for nicotinamide is approximately 250 mg/l 
(i.e. about 2 ttM) but it is believed that concentiations up to 1000 mg/l (approx. 8 mM) and as low as 150 mg/l (appnjx. 

25 1 .25 mM) can be used to good effect. Preferably the nicotinamide concentration should be between 200 and 300 mgfl. 
i e between approximately 1.5 mM and 2.5 mM. Similar concentrations apply to other PARP inhibitors. 
If incubation times of longer ttian 14 days are used it is believed that the PARP inhibitor concentration should be 
reduced below 2 mM (e.g. between 0.5 mM and 1 .5 mM and particularly approximately 0.8 mM). 
For otiier PARP inhibitors optimal concentrations can be easily established by experimentation in accordance witii ttiis 

30 invention. ^ ^ „ .... 

During transformation it is not known whether the integration of the DNA into ttie genome of the cell occurs immediately 
after uptake of DNA by the cell. It may very well be that tiie foreign DNA exists as free DNA witiiln ttie cell for a certain 
period after ttie contacting time. Therefore cultured cells may be further incubated in medium containing a PARP Inhib- 
itor during and, for a limited period of time after, contacting the cells witii the foreign DNA. Again ttie lengtti of ttie incu- 

35 bation period is not critical but is preferably 2-10 days, particularly approximately 4 days. It is preferred that the inhibitor 
concentration of the PARP Inhibitor in ttie culture medium after ttie contacting time should be below 2 mM, between 0.8 
and 1 mM If ttie cells ttiat are to be transformed are not obtained from a cell or tissue culture (e.g. when intact tissue 
of an organism is contacted directly witti DNA, as for example described in WO 92/09698) the PARP inhibitor may still 
be applied to the target cells prior to ttie contacting time but the addition of the PARP inhibitor to ttie culture of the trans- 

40 formed cells ctiring or after ttie contacting time is prefen-ed. 

As indicated above, PARP inhibitor ti-eatment of cultured cells for at least 2-3 days increases the quality of transforma- 
tion. Indeed ttie number of copies of ttie foreign DNA is generally lower and variation in expression profile (level • i.e. 
ttie quantity - of expressron as well as spatial and time dist-toulion - i.e. ttie quafity - of expression in the transgenic 
organism) of ttie gene(s) of interest in the foreign DNA. due to position effects, is decreased. However, at least in ttiis 

45 asped of ttie invention, ttie efficiency of transformation can be decreased. The efficiency of ttansformation as used 
herein can be measured by ttie number of tiansformed cells (or transgenic organisms grown from individual tians- 
formed cells) ttiat are recovered under standard experimental conditions (i.e. standardized or normalized witii respect 
to amount of cells contacted wittt foreign DNA. amount of delivered DNA. type and cor¥litions of DNA delivery, general 
culture conditions etc). u «• • 

BO Therefore ft is preferred ttiat ttie invention is used wfth tiansformation procedures ttiat already have a high efficiency, 
such as Anrotaacterium mediated transfomiation of dicots and direct g«ie transfer in monocols. particularly cereals 
(e g electroporation or particle bombardment of compact embryogenic callus In cereals • see WO 92/09696). Indeed 
these transformation procedures are generally highly efficient but ttie quaTity of tiansfbmiation is generally poor. Posi- 
tion effects are large and. espedaOy witti direct gene transfer, the copy number of tiie transgene Is often exceptionally 

BB high making analysis and s^ection of optimal ttansfbmiants. as weB as further breeding wfth ttie fransformants. dHficutt. 
In anottier aspect of ttiis invention treatinenl of cultured plant cells for a short period of time 0.e. 1 day to maximally 
2 days) prior to contacting ttie cells wfth DNA may be used to increase the efficiency of Aflrq'M<?tef'vm mediated ttans- 
formation of plant species, such as many monocots. particularly ttie major cereals such as rice, wheat and corn, for 
which this mettiod Is generally inefficient. In tills embodiment of ttie invention ttie contacting of ttie plant cells wfth ttie 



4 



EP 0757 102 A1 

DNA should <rfcoursebeunderetood as corte<*ng1he<»llsv«th an appropr^^^ 

S TDNA conlaining the foreign DNA with the gene(s) of interest. In this en*od.ment of the invention the quaWy d 
tra^nS-^expited not to be affected t)ut thte 

Smediated tranS^rmation. being a biological process, already results in a generally la« copy number of the trans- 
s gene in the transformed plant cells. ^ ^ ^ ^ 

In accordance with this invention the addition of PARP inWbitors. such as niacinamide, to the cutture niedium of 
eucaryotic cells, can be used in combination with any known transformation procedure that requ-'es.c^te. tssues or 

ownswRuredin^assta^^ 
SS^ftoeStiW'entionalLnsfbrm^^ 
10 of the cells, a PARP inhibitor is added to the cuHure medium. „ .^ct rfionh,i„rin 

The cell of a plant, particularly a plant capable of being infected with Aornfaacterium such as most dicotyledo- 
nous Plants (e g Bf4;ica naous) and some monocotyledonous plants, can be transformed using a vector that is a dK- 
Sr^Sdl^sSiS^geneC^^ 

out using ^Hiventional procedures (EP 0.116.718; Del^aere et al. supa: Chang et al. 1994. ^^^^'^^'^^f^': 
,5 SirPreferred 7i-plasrnid vectore contain the foreign DNA between the border sequences, or at least looted to theleH 
^S2^e^?5jence.of1heT-DNAoftheTi^>lasmid.OfM^^^^ 

Se^S^T uSocedu es such as direct gene transfer (as described, for example, in EP 0.233.247) polten medi- 
SedTnS^S (^described, for example, in EP 0.270.356. PCT patent puWic^on ^T^" ^"^^"^g^^ 
errti 684 61 11 plart RNA virus-mediated transformation (as described, for example, in EP 0.067 553 and US patent 
;l)7^6) Ini IH^ome-mediated transformation (as described, for example, in US patent ^•536.475^0^^^^^^^^ 
aSe^onous pta^ such as the major cereals including corn, rice, wheat, barley, and rye. can ^J^'f^'"'^.^^^^^^^ 
S^wration) using wounded or enzyme-degraded intact tissues capable of forming compact embryogenic callus 
feS!^ a^SlJ^l^ embryos in corn), i the embryogenic callus (such as type 1 callus in com) objined mereoi as 
SSib^ in WO 92A)9696. In case the plant to be transformed is com. other recently developed mettiods can ^so be 
uS^su*rforrmple.themet^ 

^on-Kamm et al.. 1990. Bio/Technology 2:603 and Gould et al. 1991. Plant Physid. 95:426. In case*eplartt^^^^^ 
^nsformed is rice recently devetoped methods can also be used such as, for example, the method descrtoed for cer- 
SnSd rLTy'SSLlfo exl. 1989. Nature 338574; Datta et al.. 1990. BiolH-echnology 8:736; and Hayashim- 
oto et al.. 1990. Plant Physiol. 93:857; Hiei et al. 1994. "me Plant Journal 6:271-282). „ u„ j„ 

Tl^e tran^formedVell can be regenerated into a mature plant and the resulting tmnsform^ P""!^" ^^..^f 
a conventional breeding scheme to produce more transformed plants with the same ^^i^^f «f f " *° Jj'"*"^^^^^^ 
fle^)o^Lrest in o^er varieties Of thesame related plantspedes.^^^^ 
faSchimericgene(s) of this invention asastaWegenomicinsert-TTius the gene(s) of intere^ 

a particular line of a plant species can always be introduced into any other line by backcro^g. 
35 In animals plurl^rtent embryonic or somatic stem cefls can be used as target for transformaton (Capecch. et al, 

^^^T^efr2Ifor^rSd cells and organisms of any plant or 

tain ^e Sn oTSas a stable insert in their genome, particularhr in regio,^ of the genome that ^^J'''^- 
Sy active in the untransformed cells that have been exposed to a PARP ''^'bitor in accordance wrthth^^^^^ 
40 diribedaboveitisbelievedthatincellstreatedwithaPARPinhibitorforatleastSday^part^^^^^^ 

limited number of genomic regions remain transaiptionally activa In this regard the ^^"^^.^^^^"^ 
2 this process of the invention, are characterized by having the foreign DNA '■««9^^«^ "\ « ""f J^^^^ 
Telmic regions. That the transformed cell or organism was obtained by thisprocessd^ 

SS«tein5by 1) cuHuring transfomied cells or tissues under conditions that are similar to those in which the un^ans- 
« S^^ce7sS^uesw«egrownorincubatedprk.to.heirt^ 

Ledium containing 250 mgfl niacinamide for 4-5 days prior to the contacting time), and 2) "^"rt°""9 f « 

of Xst one tran^ene inSie foreign DNA that is expected to be expressed under '"^"^ .^^^ 

a a aselectablemari«r gene underthe control of apromoterthat directs expression in tissue cul^^^^ Undertheabove 

SoXn^tSiScells or tissues of this invention express the relevant transgene in the tissue o^^reat 
50 SSally the same levels whether or not a PARP inhibitor is present in the cuHure r^^'^J « 

^ZaZe after 4-5 days of culturing of the transfomied cells in medium containing the f^ARP ^bitonmFJW le«te 
Se noTsignlcantly decrised. i.e. do not become lower than 75%. preferably not become werttian 90%^ 
^XSmRlJvi^els observed in cells cultured in medium not containing the i^^^^ 

5S,7te integrated In other regions of the genome (i.a in regions that are nomrally not ^^'f^^^LfSle^ fe 
65 Lted with>ARP inhibitor acconling to this embodiment of the invention), the e^jr^n of the ^'^^^^fl^"* | 
SSerably reduced after incubation of the cells in medium containing the PARP mliibjtor ^'^J^l^^J^!^ 
da^ p e. mRNA levels will drop betow 75%. particulariy below 50%. more particulariy M<». 30% when compared to 
the mRNA levels observed in cells cultured in medium not containing the inhibitor). nwA 
The method of the present invention can in principle be used to transform eucaryotic cells with any foreign DNA. 
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Qenerallv the foreign DNA comprises at least one gene of interest comprising 1) a promoter region with a promoter 
t-anscripti^ of DNA into a RNA in cells of the eucaryotic. e.g. plant, spaces that .s to be trans- 
^Ta^Sfing region coding for a RNA or protein. Most often the gene of interest w.11 also comprise 3) a 3 
untranslated reaion of a eucaryotic gene containing a polyadenylation signal. ^ ^ 

r S^be se,S^^^ direct expression in selected tissues of the eucaryotic organism. Such a f ^e-se^; 
JJe ZSer ifnoJexpected to direct expression in other non^elected tissues. For instance promoters are known that 
STeS^^i^ion selSively in stamenfesues of a plant and such promoters have been used to produce male sterile 
pte^SX p'al^Sul for producing hybrids (EP 344029: EP 412911; WO 9213956: WO 9213957: Manan, et 
al 1990. Nature 347:737-741; Marianietal. 1992. feature 357:384-387). 
rtisS^ed that the method of the present invention is particularlyuseful to t^^ 

aenerf iSreS Mi^ising a fesu^selective promoter, such as a stamen selective promoter, especially rt egression 
?f fte g^^^ oniSr^in L organism, such as a plant, outside the selected tissues (where the tssue-selective pro- 
moTer isTrlte Sects exprislon) is undesired for example because the gene product (for instance « P[Ote.n such 
Ts a ribonuclease. e.g. bamase) is capaWe of killing or disabling the cells In which they are produced. In su* cas^ 
SfrSS^of the geneofinterestintissue culture, or in non-sel^^ 

SSas well as L apparent efficiency of transformation. When the method of this invention "s i«ed. the overa^^^eWi- 
derS^ SSisfbmiatrmay be reduced but the avemge quality of transformation ^« ^^J^^^f^^ 

Sowed because of lower copy nuirter of the gene of interest m the genome of the transformed cells and because of 
rSJef W^i.e.^general integration of the gene of interest in the genomes at locations that minimally 
affect the transcriotional properties o1 the promoter of the transgene 

?;SoTeig!rS;?us^ in tfe method of this invention will generally also comprises a ««'«<^,"« .-^f^^^ 
eSrS of which allows the selection of transformed cells (or organisms) from non-transformed cells or o^gan'sn^)- 
SSctaUe marker gene generally encodes a protein that confers to the cell resistance to an antibiotic or rther 
Xu^Tatl noLlly toxic for the cells. In plants the s.ectat.e marker "^iSrnhlSoMe^' 
protein that confers resistance to a herbicide, such as a herbicide comprising a S'^^'^'"^^^"*'^*^^ 
phosphinothricin) as an active ingredient. An example of such genes are f 
ferase such as the s!c or §fry genes (EP 242236; EP 242246; De Block et al, 1987 EMBO J 6 2513-2518). 

The inventore also found that the initial reaction of cells particularly plant cells contacted wrth PAf^P '"hibrto^ is a 
stre^rearton which enhances free radical production by the cell. However, this stress only laste for a limrted penod of 
te^MTn^Sher contact with the PARP inhibitor causes a decrease in cell metabolism. Therefore, the inventon 
Z X^ZnZrr^^ to assess the agronomical fftness of a population of transfbmied plante to determine ,n 
wWchTin^ the Pla^ have a foreign DNA integrated in their genomes in a way that agronomical performance is not or 
SSaSly ni atcted. The aLy is based on the comparative reaction of transgenic cells and corresponding 

untranstormed controls to stress conditions. . ^ ^- ro/^i 

35 ~m^od comprises exposing the transgenic cells to stress conditions which induce the P'^l"^ 

cate in *e fissues of the cehT measuring the amount of free radicals produced in these tissu^ and .conj^^Ss 

anwunt of free radicals produced in the transgenic cells with the amount of free radicals produced «i control eels 
to Sess'condMons. Preferably the cells of the transgenic organtem ^^^^^^ 

Sss conditions by being treated with a substance which induces increasing osmotic and/o salt stress on the celte 
40 ^i^Sroperties Of PARP inhibitois. such as niacinamide, to enhance free '^^ical production in cells incubat^ w* 

the iiSibtrfor not longer than 2 days, preferably not k^nger than 1 day. can be used to assay the ^^^^^^^^ 

population of transgenic eucaryotic organisms, particularly plants. ^ a n«n.iiatinn of olants as 

The term fitness used herein is intended to designate the agronomical performance of a Wulat«n of p^^" as 
measured for instance by its yield (e.g. its seed yield) as compared to a given reference population, /^ronomical per- 
45 S'^nS^is U«lly thoight to be «rrelated wrth the general resistance of the plants to a range of stress cond*ons 
SSTe Wy to be encountered in the field locations where the plants are normally grown. For arv poputetion of 
iSSLfmed^lants (i.e a transgenic line) the relevant reference population is a population of untranstormed plants of 

?StZftt»t in transformed plants and other organisms transgene expression may be qualitatively and quanti- 
« isJeiy-^^^bY^^"^ *»^n in which the transgene(s) are integrated, that undesired transgene expr^ 
S n^^mS 2th cTmelabolism (e g. when the tmnsgene encodes a cytotoxic protein). «atKxis nw ^ 
ScSr^ltransfbrmed organism eHher by somadonalvari^^^^ 

S;thetransgene(s). or that expression of endogenous genes may be deregulated by sequences .n 
a consequence many transformed lines may not be agronomically useful. 

66 The a^Ty of this invention will for example allow to identify a line O-e- a f^^^Z^^'^^^J^l^ 
formed plU that have the transgene(s) integrated in regions that minimally affect thefitnessdthep^an^^^ 

STSe SILive laboratory, greenhouse and/or fieW evaluations which are normally required to identify the 
transfbrmantsvflth the best agronomical properties. ^^w^^rmod 
The assay in accordance with this invention essentially comprises the incubation of cells or tissues of transfomied 
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plants of a particular transgenic line (e.g. caHus. hypocot^ explants. shoots, leaf d.scs. "^^^^^^^JL 
Sa PARP^nhil)itor (although lor some plant sped« 

irr^rSucKon of free radicate in the tissues. An incubation time of approximately one day is normally arfficwnt to gen- 
S^te^e^J^amoS?^^^^^ 

S^^fr^mrd^^Sme^^ ^ in the same condHions as the transformed plarjt from v^«* tfie 

£^Lme?tiSIJv2SSred are^l)iected 

J^Tn^^^LTne Z^^^ JL of the transgene(s). For each plant line (control or transformant) .s pre- 

ferred that a number of plants is assayed. ^. - j „ 

Useful conditions for the incubation of the untransformed and transformed tissues are those which induce increas- 
ino oSc^^Sft sJ^tn incubated celfe or tissues. Fbr example a series of buffer with different ^ concen- 
:StiSS^n^J^^aSSinhibKor can be made-Auseful buffer seri^«aK^^^^ 

^ 250 mgrt niacinamide in which the K-phosphate concentration is inaeased from anywhere between 10 to M mM 
irstSsrfSmM ie 10. 20. 25. 30. 35. 40. 45. 50. 55. 60 mM). The K-phosphate concentrations induces mild ^ 

SSeiSS^^i^c s;2s in plant cells. The niad^^^ 
TtS^Srtl^irTS^eofK-ph^hateconcentrationsusedd^^^^ 

tor H dSlTe pTaS) to the sJand osmotic stress. In sensitive plant species, which do not tolerate high salt 

f^LnhatT^SraBon L be increased up to 70 or 80 mM or even higher. For each plant speaes the minimum 

CS^ne tine only requirement is that at all concentrations used the plant tissue remauis >.able. Although tfie add^ 
Sn Ja PARP tnhiblMo the medium, such as niacinamide, is preferred K is not required fbr assaying plant species 
that are very sensitive to salt and/or osmotic stress. o o c »,:«w»n«i»oiniTn 

After the one day incubation the capacity of tiie transformed and control tissues to reduce 2.3.5-tnphenyttetrazo- 
lium chtorSe OTC) is measured e.g. by the following procedure which is modified from Towill and Mazur feyaa). 

- incubatethetissues for 1 to 4 hours in K-phosphate buffer (pH 7.4) contaWng 10 mM TTC and 0.1 %Tween20. As 

a control similar plant material is incubated in the same buffer without TTC. 

- eLctionofreducedTTC(e.g.freezingat-70-Cfollowedbythawingat40'Candshak.ngtheplam 

- :pi?;t?mei^q"^^^^^^ of reduced TTC at 485 nm. The O.a ofthe centre, extract is subt^^«l from ttje 
O D. of*e TTC-reacted extracts. In the above conditions 0.1 vM reduced TTC corresponds to an O.D. of 0.214 

- tSTJdudnVciacity of the transformed plant line Is compared to that of the control line. 
The amount of reduced TTC is determined by the intensity of the cytochromal and alternative res^^^^^ 

Sl raSl concentration in the tissues which, in turn are detem,ined by the P^««";^f ^^^J^ J^^^^^^^ 
genes affecting ttie metabolic activity of ttie plant cells, the developmental stage and ttie reaction of the tissue to exter 

^iSlm^e^u^inglSr^l^^^ 

iation a^Sh!gh? Sxpreied as the percentage of ttie TTC reducing capadty of the tissues incubated at a low salt 
concentration (TTC-low); in other words a TTC-ratio value is calculated as foflows: 

TTC-ratio = TTC/high.lOO/TTC.Iow. 

The value of TTC-ratio is a measure of the frtness of a plant line as compared to a control lin& 
The S«2.1atio^ of TTC-low and TTC-h^h will depend on the sen^tivity 0^ 
JsuSr^cX^^correspond to a saK concentration ^^^^^ 

hSh II axrSoond to a «lt concentration between 50 and 80 mM K-phosphate. The only requirement is that TTC- 
ZMZ3oi<5 TTC-low. 

sTJinSSat respectively 20mM and 60 mM Ki^hosphate buffer containing 250 'X!^TZ1^1^ 
nStaw tor both ttie fransformed and untransformed line. wlB usually be an ^^^.^'^^J^''"'^,;^^ 
m^tenon^anun*er of tissue explants ftomanumber of plants 
n^S^sSleSfdSfdiameter 1cm) from Bdifferentplante 

SS^?^ ?ISLa?^^^^ whi* are avemged to obtain the TTC^tigh and TTC-low values used 

Se«^ati^of^(jS?T^s^^^ 
SSySmaernV^ofttieTTC-ratio^^^ 

aenefs^intearated in regions that minimally affect ttie fitness of the plants. ^„.«kw*,« 
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standartized procedures described in Sambrook et ai.. 1989. "Molecular Qoning: a Laboratory Manu^":Cold Sprmg 
SS)rLS^«toryarKlAusubeletal.1994/Current Protocols in M^^^^ 
S^L^SsTpC^O were used to done and/or am^Hy DNA f^^^^^ 

^ oiS^toconstruct chimeric genes (Norton etal. 1989. Gene 77:61^; Ho et a^. 1989. G^^Jf^)^ 
ZlPCR reactions were performed under conventional conditions using the Vent™ polymerase (Cat Na fS^L - Bwlabs 
Nl^ E^S^ Bi^X MA 01915. U.S.A.) isolated from ThpmiorxK^us litpr^ti^ (Neuner et al. 1990 Arch.M.aob,oL 
^5oSoA SnSeotides were defied according to known rules as outlined for^mple by K^;"^' and FrJ 
JSa Mettiods in Enzymology 154:350). and synthesized by the phosphoramirfrte method (Beaucage and Carirthers. 
V^VSSon Stt^SU9) onaUn 

sen. NSherlands). In the examples MS medium means Murashige and Skoog medium (Murashige and Skoog. 1962. 
Physiol. Plant 15:473-479). 

In the following examples, reference will be made to the following sequence listing and figures: 

Sffl^iflfice Ustina 

SEQ ID N0 1 : T-DNA of plasmid pTHW107 
SEQ ID NO 2 : plasmid pTSI 72 
SEQ ID NO 3 : PT72 promoter contained in plasmid pTS772 

20 Examples 

Pv.m p.P 1 ..r.s. =..^^..if.r^nf wheat pn,hr Yn»pn.rr.«iius and Rrassica napMs hvPOGOtvl explantsio media WHtaininq a 

p/VRP inhibitor. 

25 Wheat embryogenic callus was cultured on W2 medium (see Example 2). When ^^Pf^'^^^^^ 

iter) was aied io the medium at a concentration of 250 mgrt (approx. 2 mM) it was observed *at 4 days ttie 
ZTof ^tissue was sloweddown considerably (to approximately 30%of the normal rate * ^^^l^^'"^^^" 
S^elined viable for extended periods of time (i.e. at least one month). H "'^'"^'"'^l^ ^""'^^"^'^l^^^^ 
rom^medium the tissue started to grow norm^lyagan^ltwasa^^ 

30 plant tissue with niacinamide, the TTC-reducing capacity (Towill and Mazun 1975 ^a" J-^t^'O^' 

sue was substantially decreased probably indicating a reduction of the production of free radicals and decreased mito 

ntl':'re::I«madewhenB^^ 

Die 3) containing 250 mg/l niacinamide. K was also obsen^ that, in Br^sifiajajiys tissue cultured on "^^^"1^°^ 
35 Sln?ng nSJSde no anthocyanin was produced: nomially anthocyanin In tissue ciriture .s Pr°d"ced in stress 
SSoJslnadditionitwasoS^edthatafter4.5daysofincubationoftheplart 

Stions of hydroxyl free ladical and dehydroascorbate in the explants were ^^'^^f^^Z^^lTllil^^ o^^^ 
IS after a 4 day incubation in niacinamide containing medium, the percentage of cultured cells that were in G2 phase 
«ha /-all rvrii* was considerablv inweased (up to 45 % of all cells in the culture). 
. °'\e L^l ^e^Tonrf^^^^^^ as'indicating thattrea«ng cultured cells v«th a PARP inhibitorfor about 4- 

5 days generally results in: 

1) a significant reduction of the response of the cultured cells to stress as measured for instance by free radical 

SL^S was skSved down, and the TTC reducing capacity was decreased while the tissue remained viable. 
Itisinferred that under these conditions many genes in cells (eg. cultured 

response to stress (such as during transformation conditions) are in fact no longer induced. « « ^^^^'^^ "'f,'"^*"^ 
50 XSte!, (Syl^ay a very baSc metabolism, general T«usekeeplnggenes". I.e. gen^tfiat are expressed m any 
cen irrespective of its differentiated state or metabolic or physiological condition, are expre^ed. 
2 ft teSleved that ttoreign DNA Is preferably inserted In portions of the genome that are »ansCT.ptonally actwB rt fol- 
^ftattiSe^lS^RPinhMo,s««ll^^^ 

flem)mic regions which are transcribed in all cells and not in regions of the genome which «ouW only be transcr^b«l 
55 S^SrS^ndrtions. I.e. stress conditions. This means that the number of locators in which foreign DNA .s inte- 
arated and the concomitant variation in expression prof ile of the transgene(s). is reducea. ^. ^ . ^ . 
ffSurtS^ beS^ed that this enhances integraticn of foreign genes of interest in such locations which t"rnr«suft8 in 
Ti^e SetS^farthful expression of these genes which 
and biochemical changes due to for instance environmental condHions. 
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P^^\f> 2 r Transformation of wheat ^ *^ r^^. «ne under the control of q stam^n-spgqfiC promote WiTO frg 
Pflftjriflhnmhairlment 

The Wheat Spring variety Pa«on was grown in a greenhouse or conditioned room at 23-24-C during daytime and 
18-20«C at night^rtth a photoperiod of 16 houre light and 8 hours dark Developing seeds (whrte-green«h witti white 
le.S°ilSeXpel)^^^^ 

totonKaSoCli 0.1% Tween 20. and washed with sterile water. The sterilized seeds were erther used directly 

JSreSi^sTSiSsizewereisdated and were placed, with thescutellumup^^^^ 

medium W1 (MS medium supplemented with 3% suaose. 40 mg/l adenine.S04. 0.5 mg/l thiammHCl 0.5 gj 24N- 

S?;ioliro£esultonicaSl(Mes)pH 5.8.0.^ 

and 2 mg/l 2.4-dichiorophenoxyacetic acid (2,4-D)) and were incubated for 3 weete at 2TC in the dark 
Imbryo^enic sections of the developing callus were isolated, placed on callus mairtenance r^^J^^^ ^J^tJ^ 
mZL acetylsalicylic acid and with only 0.5 mgfl CuSO^.SH^O and 1 mg/l 2.4-0). and incubated for 3 weeks at 24- 
25«C In the light (approx. 20 mElnsteins/s/m^ (with a photoperiod of 16 hours light and 8 hours dark). 
About 2 weeks prior to bombardment the calli were cleaned up by removal of non-morphogenic (i.e. the nonembryo- 
genic and nonmeristematic) parts and were subcUtured on W2 medium. «i ah^. mm 

For bombardment the calli were divided into small pieces with an average maximum diameter of about 3 mm. 
These pieces were placed at 1hecenterofa9cmPetridish containing W2 medium inadr^^ 
0 5 cm In tissues that were treated with niacinamide, niacinamide (250 mg/l) was added to the W2 medium and the 
Sirpie^were m^ntained under theseconditionsfor4days after the^ 

out using the Biolistic PDS-1000/He apparatus (Bio-Rad). Preparation of the microcamers ^^"^'^ ^^^^^^^ 
of the nJcrocarriers with DNA was essentially carried out according to the manufacturer's msfrurtons. The Petridishes 
containing the calli were placed at level 2 of the apparatus and the bombardment was done at 1550 psi. 
the transformation experiments the following plasmid DNA was used. 

- ptesmid OTS172 the sequence of which is given in SEQ ID No 2. This plasmid contains the following chimeric 
genes: 

- P35S-bar-3'g7 

Tn wSSteh'p35S is the 35S promoter of the Cauliflower Mosaic virus, bat is ^^^A encoding pho^hi- 
nothricin acetyltransferase (EP 242236). 3'g7 is the 3' untranslated end of the Agrobactenum TONA gene 7. 
PE1 is a stamen-specific promoter from rice gene El (WO 9213956). bamasfi is a DNA encoding barnase 
(Hartley. 1988. J.Mol.Biol.202:913-915). and S'nos is the 3' untranslated end of the AgrobacteflMm T-DNA 
nopaline synthase gene, 

- nlasmidpTS772 which is identical to pTS172 except that the region between nucleotides 2625-4313 of pTS172^ 
containing PEL is replaced by the sequence of SEQ ID No 3 containing the PT72 promoter. Thus, plasmid pTB772 
contains the following chimeric genes: 

- P35S-bar-3'g7 , i-w, nA/n<v5HOQRc\ 

- PT72-ba£D^-3-nos in which PT72 is a stamen-specific promoter from nee gene T72 (WO 921 3956) 

The bombarded calli were transferred to selective medium W2 containing 2.5 mg/I phosphinothricin (PPTJ and. H nec- 
e^. 100 won niacinamide. The calli that were placed on medium containing niacinamrie were transferred after 4 

days to niadnamide-free W2 medium containing 2.5 mgrt PPT The cells were cultured at 24-25 C. 

After two weeks the calli were subcultivated on W2 medium and after ^^'^'^^ «7 
calli were transferred to regeneration medium W4 (W1 medium but without acetylsalicylic acd and wrth only 0.5 mgj 
I Sso!^0and0.5mgfll.4-D).Calliweresubcultlvatedeverytwoweeksal^^^ 
S^Sefemovedllhenthicallstartedtotomnshootsm^ 

concentrated MS medium and only 0.5 mgfl CuSO4.5H20 and without acetytejicylio a«d and 2.4-°. W ^^^^^ 
with 50 mafl myo-inositol. 0.25 mgfl pyridoxine.HCI and 0.25 mg/1 nicotinic acid) containing 2.5 mgrt PPj- * 
Srp»<Xn^JI^tu^ewas,^ilnedatamaximumd23<>C.Thecalliwera 

. SeS^SrtX elongate and small roots started to form, the whole calli (or « r^*^ 'f ^"^"f > ^ 
transferredtol litervessels with we medium (half^ncentrated MS medium supplemented with L5% 

SSS 0.25 mgfl pyridoxine.HCI. 0.25 mgfl nicotinic acid. 0.5 mgfl thiaminaHa. 0.7% agar (Drfco) pH 5.8 and 0.5 
3 S 5t^0) oortaWng 2.5 mg/l PPT. Once the shoots and roots had grown out. indivWua I shoote were s^ 
raSi from Jih Sher and transferred to 1 1 vessels containing W6 medium with 2.5 mg/l PPT. Weil developed shoots 
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are testedfor PPT resistance by means oftheTLC assay (De Block etal. 1987. EMBO 62513-2518) or^d|rect assay 
S aSum production in the tissue. Transformed shoots were finally transfen-ed to the greenhouse »Tto sort. 

For analysis of the results the transformed plants could be subdivided according to the niacinamide treatment of 
the parent calli during tissue culture. Thus the following groups were distinguished: 



10 



Group 


Niadnamide treatment 


None 

Before 250 
Before/After 


No treatmertt 

250 mg/l niadnamide for four days prior to bombardment 

250 mg/l niadnamide for four da^ prior to bombardmait 
plus 100 nr^ niacinamide for four days after bombardment 



15 



20 



25 



Results of the experiments are presented in Tables 1 and 2. Plants oould be <^'^^''^^y°^^'^. 
that were treated with niacinamide. For the plants that were transformed w*plasmdpTS172rtwa6d«TO^ 

TlTelgn DNA. comprising the chimeric PE 1 -baoi^^'nos and P35S^sr-^^^^^^ 

giS 2 to 3 copies on the average The plants transformed with plasmid pTS772 are sl.l bemg analyzed^ 

?he fact that variation in expression prof Me {e.g. tissue-spedfidty) of the transgenes. especially ttie chimenc^^ 

genes, was decreased in transformed cells was evidertfrom the fact that male-stenleplants that 0*^^^^ 

pletely healthy could be obtained only from bombarded calli treated with niacinantide. It .s bel.^ ^ 
Le faithful expression characteristics (i.e. lack of expression) of the integrated ^'^'^'^f 2^;^^^?^^^^ 
these calli and shoots regenerated from these calli. In the control calli undesired expression o the bim^af"® t^^' 
TueLticellsmight^ave prevented recovery of any transformed plants from these ^^^^ 
the same nuntjer of male-sterile wheat plants from control caHi a much larger number of calli would have to be bom- 
barded. 



30 



Results of wheat transformation experiments 



Table 1 



Plasmid pTSI 72 




Treatment 


Nr of bombarded calli 


Nrof PPT-resist- 
antcalli recovered 


Nr of PPT resistant 
plants recovered 


Nr of MS plants recovered 


None 


60 


30 




0 


Before 250 


125 


30 


3 





a) This plant proved to be fertile and transformed only wfth the chimeric bar gene. 

b) The obtained plants looked heaHhy and tillered vigorously. 



SO 
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Table 2 



Plasmid pTS772 




Treatment 


Nrofksombarded cadi 


Nrof PPT-reaslant 
caili recovered 


Nr of PPT resistant 
plants recovered 


Nr of MS plants recovered 


None 


250 


22 


0 


0 


Before 250 


210 


75 


7 




Before/After 


210 


45 


4 





The obtained oarrts K)OKeaneaniiy ana iiiiereuviyuiwusM J . ^ « . ^ 

S R^eTeSSSantsare still inthe proyessof being analyzed 
only 2 plants could be sewed tor mate-sterility phenolype. 



Pv^T ^i. r,. T».nsform:^nn nf oilseed TB D '^ wiH, a harnase aenP under the control of q stqmen.spp<;ific promoter gsinq 

Aqrobacterium mediated transfo rmation. 

Hypocotyl explantsdfirasicaiiacuaareoblained , cultured 
et al. 1989. Plant Physiol. 914:694-701 except lor the following modSications: 

- hypocotytexplantsareprecultured1br3daysinA2medum(MS.0.5g/lMes(pH5.7) 12%^^^ 

1 man 2 4-D 0.25 mgfl naphthalene acetic acid (NAA). 1 mg/l 6-benzylaminopunne (BAP)). , ^ . 

. infSon milium /Sis m, 0.5 gfl Mes (pH 5.7). 1.2% glucose. 0.1 mg/l NAA. 0.75 mg/l BAR 0.01 mg/l giberell.n.c 

. sele(Siedium A5 Is 0.5 gn Mes (pH 5.7). 1.2 % glucose. 40 mg/l adenlnaS04. 0.5 gl\ polyvinylpolyfvrroHdone 
a5% ag^<^. 0.1 m^ NAA. 0.75 mg/l BAP. 0.01 mg/l GAS. 250 mg/l carbeniclllin. 250 mg/l tnaclhn. 5 mg/l 

- ri2rationmediumA6isMS.0.5gflMes(pH5.7).2%sucrose.40mg/ladenin6.SO4.0.5gflPVP.0.5%agar^^^^ 

0 0025 mo/l BAP, 250 mg/l triadllin. ^ ^ _ 

. heX shoots a e traZrred to rooting medium which was A8 : 100-130 ml half concentrated MS. 1% sucrose 
Shs!^) T Sixrtyricacid(lBA). lOO mg/l triacillin added to 300 ml perlite (final pH 6.2) inl Irter vessels. 

HvDocotvl explants (with or without niacinamide treatment) were infected with Aorohactftrium tvime^ciens strain 
^?Sf ^mr-om vector pTHW107 and a helper Ti^^lasmid pMP90 (Koncz and Schell. 1986. Mol.Gen.Genet. 
204383-396)(or a derivative thereof). 

Plasmid pTHW107 is a vector can7ing a T-DNA comprising the following chimenc genes: 

- PTA29-tJirna§e-3'g7 

- PSSU-bat-3'nos 

in which PTA29is the promoter of theTA29 gene of tobacco (EP344029)andPSSUte*epr^^^^^ 
hiHn psisthaliana encoding the small subunit of Rubisco. The complete sequence of the T-DNA of pTHW107 is pre 

""^'if n'ilc^.^e treated explants. jtiacinamide (250 mgfl) was added to the media far Jast 4 d^ pHor to 
infection with flgajSasaedyai. Plants regenerated fiom transtormed calfi obtained on niacinainidG cuK^ed cells are 
S^tote^S^number aswell as to display less variation In the expression profile of the transgenes. 
All publications cHed in this application are hereby incorporated by reference. 
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SEQUEaiCE LISTING 

(1) GENERAL INFORMATION: 



(i) APPLICANT: 

(A) NAME: PLANT GENETIC SYSTEMS M.V, 

(B) STREET: Plateaus traat 22 

(C) CITY: Ghent 

(E) COUNTRY: Belgium 

(F) POSTAL CODE (ZIP): 9000 

(G) TELEPHONE: 32 9 235 84 58 

(H) TELEFAX: 32 9 224 06 94 

(I) TELEX: 11.361 Pgsgen 

ii) TITLE OF INVENTION: GENETIC TRANSFORMATION USING A PARP INHIBITOR 



(iii) NUMBER OF SEQUENCES: 3 



(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release #1,0, Version SI, 30 iEPO) 



(v) CURRENT APPLICATION DATA: 

APPLICATION NUMBER: EP95401844,6 



(2) INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH; 4946 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 



(iii) HYPOTHETICAL: NO 
(iv) ANTI-SENSE: NO 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: T-DNA of plasmid pTHWlQ7 



(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION : complement (1..25) 
(D) OTHER INFORMATION: /labels RB 

/note" "T-DNA right border" 



(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION : complement (97.. 330) 

(D) OTHER INFORMATION: /label= 3'g7 . . 

/note= "3" untranslated region containing the 
polyadenylation signal of gene 7 of Agrobacterium T-DNA " 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: complement (331.. 882) 
(D) OTHER INFORMATION: /label" bar 

/note= "region coding for phosphinothricin acetyl 

transferase" 
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(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION; complement (883,. 2608) 
<D) OTHER INFORMATION: /labels* PSSU 

/note«= "promoter region of Rubisco small subunit gene ot 
Arabidopsis thali . . - *• 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (2658.. 3031) 
(D) OTHER INFORMATION: /label= 3'nos 

/note= *'3' untranslated region containing the 
polyadenylation signal of the nopaline synthase gene of Agrobacterlum 
T-DNA** 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: complement (3032.. 3367) 
(D) OTHER INFORMATION: /label= barnase 

/note= "region coding for barnase" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION; complement (3368.. 4876) 
(D) OTHER INFORMATION: /label= PTA29 

/note^ "promoter region of TA29 gene of Nicotiana tabacum 

(ix) FEATURE: 

(A) NAME/ KEY: - 

<B) LOCATION : complement (4922.. 4946) 
(D) OTHER INFORMATION :/label= LB 
/note= "T-DNA left border" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 



AATTACAACG GTATATATCC TGCCAGTACT CGGCCGTCGA ACTCGGCCGT 


CGAGTACATG 


60 


GTCGATAAGA AAAGGCAATT TGTAGATGTT AATTCCCATC TTGAAAGAAA 


TATAGTTTAA 


120 


ATATTTATTG ATAAAATAAC AAGTCAGGTA TTATAGTCCA AGCAAAAACA 


TAAATTTATT 


180 


GATGCAAGTT TAAATTCAGA AATATTTCAA TAACTGATTA TATCAGCTGG 


TACATTGCCG 


240 


TAGATGAAAG ACTGAGTGCG ATATTATGTG TAATACATAA ATTGATGATA 


TAGCTAGCTT 


300 


AGCTCATCGG GGGATCCTAG ACGCGTGAGA TCAGATCTCG GTGACGGGCA 


GGACCGGACG 


360 


GGGCGGTACC GGCAGGCTGA AGTCCAGCTG CCAGAAACCC ACGTCATGCC 


AGTTCCCGTG 


420 


CTTGAAGCCG GCCGCCCGCA GCATGCCGCG GGGGGCATAT CCGAGCGCCT 


CGTGCATGCG 


480 


CACGCTCGGG TCGTTGGGCA GCCCGATGAC AGCGACCACG CTCTTGAAGC 


CCTGTGCCTC 


540 


CAGGGACTTC AGCAGGTGGG TGTAGAGCGT GGAGCCCAGT CCCGTCCGCT 


GGTGGCGGGG 


600 


GGAGACGTAC ACGGTCGACT CGGCCGTCGA GTCGTAGGCG TTGCGTGCCT 


TCCAGGGGCC 


660 


CGCGTAGGCG ATGCCGGCGA CCTCGCCGTC CACCTCGGCG ACGAGCCAfiG 


GATAGCGCTC 


720 


CCGCAGACGG ACGAGGTCGT CCGTCCACTC CTGCGGTTCC TGCGGCTCGG 


TACGGAAGTT 


780 


GACCGTGCTT GTCTCGATGT AGTGGTTGAC GATGGTGCAG ACCGCCGGCA 


TGTCCGCCTC 


840 



13 



EP 0 757 102 A1 



10 



IS 



GGTGGCACGG CGGATGTCGG CCGGGCGTCG TTCTGGGTCC ATTGTTCTTC TTTACTCTTT 900 
GTGTGACTGA GGTTTGGTCT AGTGCTTTGG TCATCTATAT ATAATGATAA CAACAATGAG 960 

AACAAGCTTT GGAGTGATCG GAGGGTCTAG GATACATGAG ATTCAAGTGG ACTAGGATCT 1020 

ACACCGTTGG ATTTTGAGTG TGGATATGTG TGAGGTTAAT TTTACTTGGT AACGGCCACA 1080 

AAGGCCTAAG GAGAGGTGTT GAGACCCTTA TCGGCTTGAA CCGCTGGAAT AATGCCACGT 1140 

GGAAGATAAT TCCATGAATC TTATCGTTAT CTATGAGTGA AATTGTGTGA TGGTGGAGTG 1200 

GTGCTTGCTC ATTTTACTTG CCTGGTGGAC TTGGCCCTTT CCTTATGGGG AATTTATATT 1260 

TTACTTACTA TAGAGCTTTC ATACCTTTTT TTTACCTTGG ATTTAGTTAA TATATAATGG 1320 

TATGATTCAT GAATAAAAAT GGGAAATTTT TGAATTTGTA CTGCTAAATG CATAAGATTA 1380 

GGTGAAACTG TGGAATATAT ATTTTTTTCA TTTAAAAGCA AAATTTGCCT TTTACTAGAA 1440 

TTATAAATAT AGAAAAATAT ATAACATTCA AATAAAAATG AAAATAAGAA CTTTCAAAAA 1500 

ACAGAACTAT GTTTAATGTG TAAAGATTAG TCGCACATCA AGTCATCTGT TACAATATGT 1560 

TACAACAAGT CATAAGCCCA ACAAAGTTAG CACGTCTAAA TAAACTAAAG AGTCCACGAA 1620 

AATATTACAA ATCATAAGCC CAACAAAGTT ATTGATCAAA AAAAAAAAAC GCCCAACAAA 1680 

GCTAAACAAA GTCCAAAAAA AACTTCTCAA GTCTCCATCT TCCTTTATGA ACATTGAAAA 1740 

25 CTATACACAA AACAAGTCAG ATAAATCTCT TTCTGGGCCT GTCTTCCCAA CCTCCTACAT 1800 

CACTTCCCTA TCGGATTGAA TGTTTTACTT GTACCTTTTC CGTTGCAATG ATATTGATAG 1860 

TATGTTTGTG AAAACTAATA GGGTTAACAA TCGAAGTCAT GGAATATGGA TTTGGTCCAA 1920 

GATTTTCCGA GAGCTTTCTA GTAGAAAGCC CATCACCAGA AATTTACTAG TAAAATAAAT 1980 

CACCAATTAG GTTTCTTATT ATGTGCCAAA TTCAATATAA TTATAGAGGA TATTTCAAAT 2040 

GAAAACGTAT GAATGTTATT AGTAAATGGT CAGGTAAGAC ATTAAAAAAA TCCTACGTCA 2100 

GATATTCAAC TTTAAAAATT CGATCAGTGT GGAATTGTAC - AAAAATTTGG GATCTACTAT 2160 

ATATATATAA TGCTTTACAA CACTTGGATT TTTTTTTGGA GGCTGGAATT TTTAATCTAC 2220 

ATATTTGTTT TGGCCATGCA CCAACTCATT GTTTAGTGTA ATACTTTGAT TTTGTCAAAT 2280 

ATATGTGTTC GTGTATATTT GTATAAGAAT TTCTTTGACC ATATACACAC ACACATATAT 2340 

^ ATATATATAT ATATATTATA TATCATGCAC TTTTAATTGA AAAAATAATA TATATATATA 2400 

TAGTGCATTT TTTCTAACAA CCATATATGT TGCGATT6AT CTGCAAAAAT ACTGCTAGAG 2460 

TAATGAAAAA TATAATCTAT TGCTGAAATT ATCTCAGATG TTAAGATTTT CTTAAAGTAA 2520 

45 ATTCTTTCAA ATTTTAGCTA AAAGTCTTGT AATAACTAAA GAATAATACA CAATCTCGAC 2580 

CACGGAAAAA AAACACATAA TAAATTTGAA TTTCGACCGC GGTACCCGGA ATTCGAGCTC 2640 
GGTACCCGGG GATCTTCCCG ATCTAGTAAC ATAGATGACA CCGCGCGCGA TAATTTATCC 2700 
TAGTTTGCGC GCTATATTTT GTTTTCTATC GCGTATTAAA TGTATAATTG CGGGACTCTA 2760 
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ATCATAAAAA 


CCCATCTCAT 


AAATAACGTC ATGCATTACA 


TGTPAATTAT TACATGCTTA 


2820 




ACGTAATTCA ACAGAAATTA TATGATAATC ATCGCAAGAC 


CGGCAACAGG ATTCAATCTT 


2880 


5 


AAGAAACTTT 


ATTGCCAAAT 


GTTTGAACGA TCTGCTTCGG 


ATCCTCTAGA GCCGGAAAGT 


2940 




GAAATTGACC 


GATCAGAGTT 


TGAAGAAAAA TTTATTACAC 


ACTTTATGTA AAGCTGAAAA 


3000 




AAACGGCCTC 


CGCAGGAAGC 


CGTTTTTTTC GTTATCTGAT 


TTTTGTAAAG GTCTGATAAT 


3060 


10 


GGTCCGTTGT 


TTTGTAAATC 


AGCCAGTCGC TTGAGTAAAG 


AATCCGGTCT GAATTTCTGA 


3120 




AGCCTGATGT 


ATAGTTAATA 


TCCGCTTCAC GCCATGTTCG 


TCCGCTTTTG CCCGGGAGTT 


3180 




TGCCTTCCCT 


GTTTGAGAAG 


ATGTCTCCGC CGATGCTTTT 


CCCCGGAGCG ACGTCTGCAA 


3240 


IS 


GGTTCCCTTT 


TGATGCCACC 


CAGCCGAGGG CTTGTGCTTC 


TGATTTTGTA ATGTAATTAT 


3300 




CAGGTAGCTT 


ATGATATGTC 


TGAAGATAAT CCGCAACCCC 


GTCAAACGTG TTGATAACCG 


3360 




GTACCATGGT 


AGCTAATTTC 


TTTAAGTAAA AACTTTGATT 


TGAGTGATGA TGTTGTACTG 


3420 


20 


TTACACTTGC 


ACCACAAGGG 


CATATATAGA GCACAAGACA 


TACACAACAA CTTGCAAAAC 


3480 


TAACTTTTGT 


TGGAGCATTT 


CGAGGAAAAT GGGGAGTAGC 


AGGCTAATCT GAGGGTAACA 


3540 




TTAAGGTTTC 


ATGTATTAAT 


TTGTTGCAAA CATGGACTTA 


GTGTGAGGAA AAAGTACCAA 


3600 


25 


AATTTTGTCT 


CACCCTGATT 


TCAGTTATGG AAATTACATT 


ATGAAGCTGT GCTAGAGAAG 


3660 


ATGTTTATTC 


TAGTCCAGCC 


ACCCACCTTA TGCAAGTCTG 


CTTTTAGCTT GATTCAAAAA 


3720 




CTGATTTAAT 


TTACATTGCT 


AAATGTGCAT ACTTCGAGCC 


TATGTCGCTT TAATTCGAGT 


3780 




AGGATGTATA 


TATTAGTACA 


TAAAAAATCA TGTTTGAATC 


ATCTTTCATA AAGTGACAAG 


3840 


30 


TCAATTGTCC 


CTTCTTGTTT 


GGCACTATAT TCAATCTGTT 


AATGCAAATT ATCCAGTTAT 


3900 




ACTTAGCTAG 


ATATCCAATT 


TTGAATAAAA ATAGCTCTTG 


ATTAGTAAAC CGGATAGTGA 


3960 




CAAAGTCACA 


TATCCATCAA ACTTCTGGTG CTCGTGGCTA 


AGTTCTGATC GACATGGGGT 


4020 


35 


TAAAATTTAA ATTGGGACAC 


ATAAATAGCC TATTTGTGCA 


AATCTCCCCA TCGAAAATGA 


4080 




CAGATTGTTA 


CATGGAAAAC 


AAAAAGTCCT CTGATAGAAG 


TCGCAAAGTA TCACAATTTT 


4140 




CTATCGAGAG 


ATAGATTGAA 


AGAAGTGCAG GGAAGCGGTT 


AACTGGAACA TAACACAATG 


4200 


40 


TCTAAATTAA 


TTGCATTCGC 


TAACCAAAAA GTGTATTACT 


CTCTCCGGTC CACAATAAGT 


4260 




TATTTTTTGG 


CCCTTTTTTT 


ATGGTCCAAA ATAAGTGAGT 


TTTTTAGATT TCAAAAATGA 


4320 




TTTAATTATT 


TTTTTACTAC 


AGTGCCCTTG GAGTAAATGG 


TGTTGGAGTA TGTGTTAGAA 


4380 


45 


ATGTTTATGT 


GAAGAAATAG 


TAAAGGTTAA TATGATCAAT 


TTCATTGCTA TTTAATGTTA 


4440 




AAATGTGAAT 


TTCTTAATCT 


GTGTGAAAAC AACCAAAXAA TCACTTATTG TGGACCGGAG 


4500 




AAAGTATATA AATATATATT 


TGGAAGCGAC TAAAAATAAA CTTTTCTCAT ATTATACGAA 


4560 


SO 


CCTAAAAACA 


GCATATGGTA 


GTTTCTAGGG AATCTAAATC ACTAAAATTA ATAAAAGAAG 


4620 




CAACAAGTAT 


CAATACATAT 


GATTTACACC GTCAAACACG 


AAATTCGTAA ATATTTAATA 


4680 
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TAATAAAGAA TTAATCCAAA TAGCCTCCCA CCCTATAACT TAAACTAAAA ATAACCAGCG 4740 

AATGTATATT ATATGCATAA TTTATATATT AAATGTGTAT AATCATGTAT AATCAATGTA 4800 

TAATCTATGT ATATGGTTAG AAAAAGTAAA CAATTAATAT AGCCGGCTAT TTGTGTAAAA 4860 

ATCCCTAATA TAATCGCGAC GGATCCCCGG GAATTCCGGG GAAGCTTAGA TCCATGGAGC 4920 

CATTTACAAT TGAATATATC CTGCCG 4946 
(2) INFORMATION FOR SEQ ID NO: 2: 



(i) SEQUENCE CHAJ^CTERISTICS : 

(A) LENGTH: 6548 base pairs 

(B) TYPE: nucleic acid 
iC) STRANDEDNESS: double 
(D) TOPOLOGY: circular 

<ii) MOLECULE TYPE: DNA (genomic) 

(iii) HYPOTHETICAL: NO 

(iv) ANTI-SENSE: NO 



(vi) ORIGINAL SOURCE: 

(A) ORGANISM: plasmid pTS172 

(ix) FEATURE: 
^5 (A) NAME/KEY: - 

(B) LOCATION: complement (2019,. 2288) 
(D) OTHER INFORMATION :/label= 3'nos 

/note= "S* untranslated region containing the 
polyadenylation signal of the nopaline synthase gene of Agrobacterium 
T-EWA- 



SO 



(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: complement (2289. ,2624) 
(D) OTHER INFORMATION: /label= barnase 

/note= "region coding for barnase" 

(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATION: complement (2625,*4313) 
(D) OTHER INFORMATION: /label= PEl 

/note^ "promoter region of El gene of rice" 

(ix) FEATURE: 

(A) HAME/KEY: - 

(B) LOCATION:4336, .5710 

(D) OTHER INFORMATION: /label= P35S 

/note= "35S promoter region of Cauliflower mosaic virus" 

(ix) FEATURE: 

(A) NAME/ KEY: - 

(B) LOCATION: 57 11. .6262 

(D) OTHER INFORMATION: /label- bar 

/note*" "region coding for phosphinothricin acetyl 

transferase" 
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(ix) FEATURE: 

(A) NAME/KEY: - 

(B) LOCATIONj 6263. .6496 

(D) OTHER INEX)RMATION:/label= 3'g7 

/note= "S* untranslated region containing the 
polyadenylation signal of gene 7 of Agrobacterium T-DNA" 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 



10 


AATTCAAGCT 


TGACGTCAGG 


TGGCACTTTT 


CGGGGAAATG 


TGCGCGGAAC 


CCCTATTTGT 


60 




TTATTTTTCT 


AAATACATTC AAATATGTAT 


CCGCTCATGA 


GACAATAACC 


CTGATAAATG 


120 




CTTCAATAAT 


ATTGAAAAAG 


GAAGAGTATG 


AGTATTCAAC 


ATTTCC6TGT 


CGCCCTTATT 


180 


15 


CCCTTTTTTG 


CGGCATTTTG 


CCTTCCTGTT 


TTTGCTCACC 


CAGAAACGCT 


GGTGAAAGTA 


240 




AAAGATGCTG 


AAGATCAGTT 


GGGTGCACGA 


GTGGGTTACA 


TCGAACTGGA 


TCTCAACAGC 


300 




GGTAAGATCC 


TTGAGAGTTT 


TCGCCCCGAA 


GAACGTTTTC 


CAATGATGAG 


CACTTTTAAA 


360 


20 


GTTCTGCTAT 


GTGGCGCGGT 


ATTATCCCGT 


ATTGACGCCG 


GGCAAGAGCA 


ACTCGGTCGC 


420 




CGCATACACT 


ATTCTCAGAA 


TGACTTGGTT 


GAGTACTCAC 


CAGTCACAGA 


AAAGGATCTT 


480 




ACGGATGGCA TGACAGTAAG 


AGAATTATGC 


AGTGCTGCCA 


TAACCATGAG 


TGATAACACT 


540 


25 


GCGGCCAACT 


TACTTCTGAC 


AACGATCGGA 


GGACCGAAGG 


AGCTAACCGC 


TTTTTTGCAC 


600 


AACATGGGGG 


ATCATGTAAC 


TCGCCTTGAT 


CGTTGGGAAC 


CGGAGCTGAA 


TGAAGCCATA 


660 




CCAAACGACG 


AGCGTGACAC 


CACGATGCCT 


GTAGCAATGG 


CAACAACGTT 


GCGCAAACTA 


720 


30 


TTAACTGGCG 


AACTACTTAC 


TCTAGCTTCC 


CGGCAACAAT 


TAATAGACTG 


GATGGAGGCG 


780 


GATAAAGTTG 


CAGGACCACT 


TCTGCGCTCG 


GCCCTTCCGG 


CTGGCTGGTT 


TATTGCTGAT 


840 




AAATCTGGAG 


CCGGTGAGCG 


TGGGTCTCGC 


GGTATCATTG 


CAGCACTGGG 


GCCAGATGGT 


900 




AAGCCCTCCC 


GTATCGTAGT 


TATCTACACG 


ACGGGGAGTC 


AGGCAACTAT 


GGATGAACGA 


960 


35 


AATAGACAGA TCGCTGAGAT 


AGGTGCCTCA 


CTGATTAAGC 


ATTGGTAACT 


GTCAGACCAA 


1020 




GTTTACTCAT 


ATATACTTTA 


GATTGATTTA AAACTTCATT 


TTTAATTTAA 


AAGGATCTAG 


1080 




GTGAAGATCC 


TTTTTGGCTC 


GAGTCTCATG 


ACCAAAATCC 


CTTAACGTGA 


GTTTTCGTTC 


1140 


40 


CACTGAGCGT 


CAGACCCCGT 


AGAAAAGATC 


AAAGGATCTT 


CTTGAGATCC 


TTTTTTTCTG 


1200 




CGCGTAATCT 


GCTGCTTGCA AACAAAAAAA 


CCACCGCTAC 


CAGCGGTGGT 


TTGTTTGCCG 


1260 




GATCAAGAGC 


TACCAACTCT 


TTTTCCGAAG 


GTAACTGGCT 


TCAGCAGAGC 


GCAGATACCA 


1320 


46 


AATACTGTCC 


TTCTAGTGTA 


GCCGTAGTTA GGCCACCACT 


TCAAGAACTC 


TGTAGCACCG 


1380 




CCTACATACC 


TCGCTCTGCT 


AATCCTGTTA 


CCAGTGGCTG 


CTGCCAGTGG 


CGATAAGTCG 


1440 




TGTCTTACCG 


GGTTGGACTC 


AAGACGATAG 


TTACCGGATA AGGCGCAGCG 


GTCGGGCTGA 


1500 


SO 


ACGGGGGGTT 


CGTGCACACA 


GCCCAGCTTG 


GAGCGAACGA CCTACACCGA 


ACTGAGATAC 


1560 




CTACAGCGTG 


AGCATTGAGA AAGCGCCACG 


CTTCCC6AAG 


GGAGAAAGGC 


GGACAGGTAT 


1620 
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CCGGTAAGCG GCAGGGTCGG AACAGGAGAG CGCACGAGGG 
TGGTATCTTT ATAGTCCTGT CGGGTTTCGC CACCTCTGAC 
TGCTCGTCAG GGGGGCGGAG CCTATGGAAA AACGCCAGCA 
CTGGCCTTTT GCTGGCCTTT TGCTCACATG TTCTTTCCTG 
GATAACCGTA TTACCGCCTT TGAGTGAGCT GATACCGCTC 
CGCAGCGAGT CAGTGAGCGA GGAAGCGGAA GAGCGCCCAA 
GCGCGTTGGC CTGATCAGAA TTCATATGCA CGTGTTCCCG 
CCGCGCGCGA TAATTTATCC TAGTTTGCGC GCTATATTTT 
TGTATAATTG CGGGACTCTA ATCATAAAAA CCCATCTCAT 
TGrrAATTAT TACATGCTTA ACGTAATTCA ACAGAAATTA 
CGGCAACAGG ATTCAATCTT AAGAAACTTT ATTGCCAAAT 
AGGTTACCTT ATCTGATTTT TGTAAAGGTC TGATAATGGT 
CAGTCGCTTG AGTAAAGAAT CCGGTCTGAA TTTCTGAAGC 
GCTTCACGCC ATGTTCGTCC GCTTTTGCCC GGGAGTTTGC 
TCTCCGCCGA TGCTTTTCCC CGGAGCGACG TCTGCAAGGT 
CCGAGGGCTT GTGCTTCTGA TTTTGTAATG TAATTATCAG 
AGATAATCCG CAACCCCGTC AAACGTGTTG ATAACCGGTA 
ATCTCTTGCT GGACACCGGG ATGCTAGGAT GGGTTATCGT 
TTTTGTAGGC GCCGGCGACG GCGGGGGCAA TGTGGCAGGT 
GCAAGTGACT GCAACAACCA AGGACGGTCA TGGCGAAAGC 
ACAGGATGTA GCAGTAGCAC GGTGAAAGAA GTGTTGTCCC 
CCGTTGGCCA GAACAGGACC GTTCAACAGT TAGGTTGAGT 
ATGTATGGCA AATAGTAGTA AATTTTGCCC CCATTGGTCT 
TGGAAAGCCT CTAGCATATC TTTTTTGACA GCTAAACTTT 
AGCAATGACG TTGCCCATGT CGTGGCAAAC ATCTGGTAAG 
CCTTCAACGG CTCAATCCCC ACAGGCCAAG CTATCCTTTC 
GAGAGATTAT ACTACCATTT TTAAGTGCTT ATAAAGACGA 
CAGAAACACA AAGTTTTAGC AGCGTAATAT CCCACACACA 
TCCTCATTTT CCGAGAGATT CTGACAGTGA CCAGAATGTC 
CAAGTCGATC CACAAGCTTC TTGGTGGAGG TCAAGGTGTG 
GGAAATTATT CAGAATTAGT GCCTTTTATC ATAACTTCTC 
GATTTCATTG TTGGGAGCTA TGCAGTTGCG GATATTCTGC 



AGCTTCCAGG 
TTGAGCGTCG 
ACGCGGCCTT 
CGTTATCCCC 
GCCGCAGCCG 
TACGCAAACC 
ATCTAGTAAC 
GTTTTCTATC 
AAATAACGTC 
TATGATAATC 
GTTTGAACGA 
CCGTTGTTTT 
CTGATGTATA 
CTTCCCTGTT 
TCCCTTTTGA 
GTAGCTTATG 
CCATCGCGAC 
GGCCGGCGTG 
GAGTCACGGT 
ACCTCACGCG 
GTCCATTAGG 
GTAGGACTTT 
GGCTGAGATA 
GCTTCTTGCC 
GTAACTGTAT 
CTTGGCAGTA 
TGCTCTCTAA 
TACACACACG 
AGAATGCCAT 
CTATTATTAT 
TCTGAGCCGA 
TGTGGAAGAA 



GGGAAACGCC 
ATTTTTGTGA 
TTTACGGTTC 
TGATTCTGTG 
AACGACCGAG 
GCCTCTCCCC 
ATAGATGACA 
GCGTATTAAA 
ATGCATTACA 
ATCGCAAGAC 
TCTGCTTCGG 
GTAAATCAGC 
GTTAATATCC 
TGAGAAGATG 
TGCCACCCAG 
ATATGTCTGA 
GGCTTGATGG 
CGTGTGTGGC 
GCAAGCGTGC 
TCCACCGTCT 
TGCATTCTCA 
TACGTGGTTA 
GAACATATTC 
TTCTTGGTCT 
TCGTTTGTTC 
TAGGCTCCTT 
CCAGATCGAT 
AAGCTATGCC 
TTCATGGGCA 
TCGCTTTCTA 
TGTGGTTTTG 
CAGGAACTTA 



1680 

1740 

1800 

1860 

1920 

1980 

2040 

2100 

2160 

2220 

2280 

2340 

2400 

2460 

2520 

2580 

2640 

2700 

2760 

2820 

2880 

2940 

3000 

3060 

3120 

3180 

3240 

3300 

3360 

3420 

3480 

3540 
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60 



TCTGCGGGGG 
AATATAATTC 
TCAAATGCCG 
ACTCAGCTTA 
CAACTAACTG 
ACATGCCTTC 
TCTTTACGAC 
ACTCCTTTGC 
TCCAAGGATT 
TATTGAATTG 
ACTCAATATA 
TATTGGTATT 
GGTATTCCAG 
TAGCCTAGGC 
AGAATCGGGT 
CGGTATATAC 
ACACAAGAAA 
TCAGCAAACA 
CTTTGCTAAG 
CAAAAGGCCC 
GGACGATTTC 
TATGTTCACC 
ACAGATGGTT 
TCTCCAGGAG 
TAATTGCATC 
ATGGACGATT 
AAAGGTAGTT 
TAACAGAACT 
ACAAGAAGAA 
TCAAAGATAC 
CGGGAAACCT 
AAAAGGAAGG 



TCCTTGCTGG GGCAACATTG ATATGGTTCC TGTTCGATGT AGTAGAATAC 3600 

CGCTCCTTTG CCAGATTGCC ATTCTTGCCA TGCTTGTGAT CTTCATTTGG 3660 

CACCACTCTT GGACAGGTAT TAGCTTTATT TCCTGTGGAG ATGGTAGAAA 3720 

CAGAAATGGC ATTTCACGTA GTATAACGCA AGACATTAGG TACTAAAACT 3780 

TTTCCGAATT TCAGGGCCCC TCCAAGGATC CCAGAAATCA TCATCTCTGA 3840 

AGAGAAATGG CATTGACCGT CCATTACAAA CTAACGTACA CTGTATCTGT 3900 

ATTGCATGTG GAAAGGATCT GAAGAGATTT CTCCTGGTAC ATAATAATCT 3960 

TACGTTAATA AGAGATGTAA AAACATGCAA CAGTTCCAGT GCCAACATTG 4020 

GTGCAATTCT TTCTGGAGCG CTAAAATTGA CCAGATTAGA CGCATCAGAA 4080 

CAGAGTTAGC CAATAATCCT CATAATGTTA ATGTGCTATT GTTGTTCACT 4140 

GTTCTGGACT AACAATCAGA TTGTTTATGA TATTAAGGTG GTTGGATCTC 4200 

GTCGGCGATT GGAAGTTCTT GCAGCTTGAC AAGTCTACTA TATATTGGTA 4260 

ATAAATATTA AATTTTAATA AAACAATCAC ACAGAAGGAT CTGCGGCCGC 4320 

CCGGGCCCAC AAAAATCTGA GCTTAACAGC ACAGTTGCTC CTCTCAGAGC 4380 

ATTCAACACC CTCATATCAA CTACTACGTT GTGTATAACG GTCCACATGC 4440 , 

GATGACTGGG GTTGTACAAA GGCGGCAACA AACGGCGTTC CCGGAGTTGC 4500 

TTTGCCACTA TTACAGAGGC AAGAGCAGCA GCTGACGCGT ACACAACAAG 4560 

GACAGGTTGA ACTTCATCCC CAAAGGAGAA GCTCAACTCA AGCCCAAGAG 4620 

GCCCTAACAA GCCCACCAAA GCAAAAAGCC CACTGGCTCA CGCTAGGAAC 4680 

AGCAGTGATC CAGCCCCAAA AGAGATCTCC TTTGCCCCGG AGATTACAAT 4740 

CTCTATCTTT ACGATCTAGG AAGGAAGTTC GAAGGTGAAG GTGACGACAC 4800 

ACTGATAATG AGAAGGTTAG CCTCTTCAAT TTCAGAAAGA ATGCTGACCC 4860 

AGAGAGGCCT ACGCAGCAGG TCTCATCAAG ACGATCTACC CGAGTAACAA 4920. 

ATCAAATACC TTCCCAAGAA GGTTAAAGAT GCAGTCAAAA GATTCAGGAC 4980 

AAGAACACAG AGAAAGACAT ATTTCTCAAG ATCAGAAGTA CTATTCCAGT 5040 

CAAGGCTTGC TTCATAAACC AAGGCAAGTA ATAGAGATTG GAGTCTCTAA 5100 

CCTACTGAAT CTAAGGCCAT GCATGGAGTC TAAGATTCAA ATCGAGGATC 5160 

CGCCGTGAAG ACTGGCGAAC AGTTCATACA GAGTCTTTTA CGACTCAATG 5220 

AATCTTCGTC AACATGGTGG AGCACGACAC TCTGGTCTAC TCCAAAAATG 5280 

AGTCTCAGAA GACCAAAGGG CTATTGAGAC TTTTCAACAA AGGATAATTT 5340 

CCTCGGATTC CATTGCCCAG CTATCTGTCA CTTCATCGAA AGGACAGTAG 5400 
TGGCTCCTAC AAATGCCATC ATTGCGATAA AGGAAAGGCT ATCATTCAAG 5460 
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ATGCCTCTGC CGACAGTGGT CCCAAAGATG GACCCCCACC CACGAGGAGC ATCGTGGAAA 5520 

AAGAAGACGT TCCAACCACG TCTTCAAAGC AAGTGGATTG ATGTGACATC TCCACTGACG 5580 

TAAGGGATGA CGCACAATCC CACTATCCTT CGCAAGACCC TTCCTCTATA TAAGGAAGTT 5640 

CATTTCATTT GGAGAGGACA CGCTGAAATC ACCAGTCTCT CTCTATAAAT CTATCTCTCT 5700 

CTCTATAACC ATGGACCCAG AACGACGCCC GGCCGACATC CGCCGTGCCA CCGAGGCGGA 5760 

CATGCCGGCG GTCTGCACCA TCGTCAACCA CTACATCGAG ACAAGCACGG TCAACTTCCG 5820 

TACCGAGCCG CAGGAACCGC AGGAGTGGAC GGACGACCTC GTCCGTCTGC GGGAGCGCTA 5880 

TCCCTGGCTC GTCGCCGAGG TGGACGGCGA GGTCGCCGGC ATCGCCTACG CGGGCCCCTG 5940 

GAAGGCACGC AACGCCTACG ACTGGACGGC CGAGTCGACC GTGTACGTCT CCCCCCGCCA 6000 

CCAGCGGACG GGACTGGGCT CCACGCTCTA CACCCACCTG CTGAAGTCCC TGGAGGCACA 6060 

GGGCTTCAAG AGCGTGGTCG CTGTCATCGG GCTGCCCAAC GACCCGAGCG TGCGCATGCA 6120 

CGAGGCGCTC GGATATGCCC CCCGCGGCAT GCTGCGGGCG GCCGGCTTCA AGCACGGGAA 6180 

CTGGCATGAC GTGGGTTTCT GGCAGCTGGA CTTCAGCCTG CCGGTACCGC CCCGTCCGGT 6240 

CCTGCCCGTC ACCGAGATCT GAGATCACGC GTTCTAGGAT CCCCCGATGA GCTAAGCTAG 6300 

CTATATCATC AATTTATGTA TTACACATAA TATCGCACTC AGTCTTTCAT CTACGGCAAT 6360 

GTACCAGCTG ATATAATCAG TTATTGAAAT ATTTCTGAAT TTAAACTTGC ATCAATAAAT 6420 

TTATGTTTTT GCTTGGACTA TAATACCTGA CTTGTTATTT TATCAATAAA TATTTAAACT 6480 

ATATTTCTTT CAAGATGGGA ATTAACATCT ACAAATTGCC TTTTCTTATC GACCATGTAC 6540 

GTATCGCG 6548 
(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1601 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DMA (genomic) 

(iii) HYPOTHETICAL; NO 

(iv) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: T72 promoter region 



(ix) FEATURE: 

(A) NAME/ KEY: - 
so (B) LOCATION: complement (1,.1601) 

(D) OTHER INFORMATION: /labels PT72 

/note= ••promoter region of T72 gene of rice" 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CGCCGTGAGT GTCTTCTGCC GCCGAGGGGC TCTCGCTCGT CGTCGATGCC TGCACGGTGC 60 

GTGCGTGTGT GTCGTGGTGG TGGTGGCGAT ACGCGACGCG AGCTCGATTT ATAGGAGGGG 120 

ATCGAAGGAG GGGAGCGCGC GCGGCGAGGC CCGCGTTGCT CACCTACGCC GCGCGCATGC 180 

GGCGGACGCG CGGTCGGCGC CCGCGCCGGC CGGGAGGACG AGGGCGCAAG CGTGTGAGCC 240 

ACCGAACGCG CGCGCGCGCC GCGGCGCGAA CTCTCCATCG CGTCGCGGCG AGCCGAGAGC 300 

CGACGAGAGC GTTTCGCGCG CGCGGTTGGG CCGGCGACAA GATGGGCCGT AGCCCTGGGC 360 

CTCGTGCCAT CTTTTTTTTT CTTTTTTGCC TTTTTTGGCC TGGCAATTTC TTTTTGTTTT 420 

TAGTCTTTTT GTGGTGATAA TGTGTCGTCT TCCGGTGAAC TAATTTACTC GTTGATCTTT 480 

TTGTGTCCCT TCGAATATTC GCAGTGGTAG AAGATGACTA CTACTACCAG TAGTTGATCT 540 

CGAATGGCAA CTTTTGTGCA GAACTTATTC CACGGCTATG TCAGCTTCCA CTGTGACTAA 600 

AAAAACTACG GCCATCTTTT GGACTTGTTC TATCTTGGAA CTGAACAAAA AGGACGATCC 660 

TGATGTACAC ACGGCATAGT TTCCAGCACT GGATGCCAAG TTGCCAACTG TTACCACGAT 720 

AATGGAACGA CGAGATGAGA TATTATACAA GTCCAATGGA TCAAGATCCT GTGCAGTTGT 780 

TATTGTAACT GTAACTTAAG CCGTTAACAT GTACATCACA TTTCCTACTC TATCAATGTC 840 

TTGTGCGGGT TGTTTCAAAA AAACATGTAC ATCACATGAT CTAGAACGGA AGGCCAGGAT 900 

ATGAAGTGGT ACTGCAGCAA AAACACTGTA GCAGAGATGT ACTATTATGC ATGTACTGTA 960 

GCAGTCATCT AGAGCCGTTG GATCTGAAAA CGAATGGACA TGATTGTGTG CAGTTGCTAT 1020 

TGTGCAGTTA CAATAGCAAC TGCATTTGAT CTTAATCCAA GTCCAATACA TGCAGAACAG 1080 

35 TAGCTACGAG CTGGAAAGGA TGCAAATCTG GGTGACACTG ACAGCAACCG TGGAAGAACA 1140 

ACAGCAGCAA AGTCCCAGAG GGATGGCAAT TTGAAGGAAT TTAAATACTC TAATATTACT 1200 

CCACCCGTTA AAAAAAACAA CTTGCTACGC ATAATATATG TTCGGATTTA TAGCGAGAAG 1260 

40 TTAATTTTTC ATGAGAAGAA GAATATATAT GTAATATGTA CTAGGAGAGT ACTCGCTTCA 1320 

TAPiATATPiPiPi TATTCATAAG TTGTCCAGTG AAGATAGCTT TAGAAAAAAC TAGTTATTTT 1380 

ATTTGTCAAA TTTTAAATTT TGAAGTAGTT AGATTATCTT TCTAGTAGTT CTGATTGGTT 1440 

^ GAAAATGTTT AGATTTTCAT GTGTTAAGAG TTCCGTATCC TAAAAATAGT AATATAATTT 1500 

TAAATCATAT ATaTATATAT ATATATATAT ATATATATAT ATATATATAT ATATATATAT 1560 

TGTTGAACGG TTTGTGCTCT GGTTGCTATC CTGTTCTGTG G 1601 

SO 



30 



ss Claims 

1 . A process for producing transgenic eucaryote cells which comprises: 

contacting a culture of untransformed cells with an inhibitor of poly-(ADP-ribose) polymerase for a period of 
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time sufficient to reduce the response of the cultured cells to stress and to reduce the metabdism of said cul- 
tured cdts; 

contacting said untransfbrmed cells with foreign DNA comprising at least one gene of interest under conditions 
in which said foreign DNA Is taken up said untransfbrmed cefte and said g^e of interest is stably integrated 
5 ui the nuclear genome of said untransformed cells to produce said transgenic cells; and 

optionally recovering said transgenic cells from sakj culture. 

2. The process of claim 1 in which said eucaryotic cells are plant celte. 

10 

3. TTie process of claim 1 or 2 In which saki inh^ttor is niadnamide. preferably at a concentration of about 150 mg/l 
to 1000 mg/l, more preferably at a concentration of about 200 mg/l to 500 mg/l, part'cularly at a concerttration of 
about 250 mg/l. 

IS 4. The process of any one of clain^ 1 to 3 in which said untransformed cells are cultured in a medium containing said 
inhibitor for a period of time of approximately 2 to 28 days, preferably approximately 3 to 14 days, particularly 
approximately 4 days prior to the contacting with said foreign DNA. 

5. The process of any one of claims 1 to 4 In which said cells contacted with said foreign DNA are further cultured in 
20 a medium containing said inhibitor for a period of time of approximately 1 to 14 days, preferably 2 to 4 days after 

contacting with said foreign DNA. 

6. The process of any of claims 1 to 5 in which said gene of interest conprises a promoter that directs expression 
selectively in certain cells or tissues of an eucaryotic organism. 

25 

7. The process of any of claim 2 to 6 in which said gene of interest comprises a promoter that direct expression selec- 
tively in stamen cells, particularly anther cells, of a plant 

8. The process of claim 6 or 7 in which said gene of interest encodes a protein that, when produced in a cell of an 
30 eucaryotic organism, kills or disables said cell. 

9. The process of claim 8 in which said gene of interest encodes a ribonuclease, particularly barnase. 

10. The process of any of claims 1 to 9 in which a transgenic organism having sakj foreign DNA with sakj at least one 
35 gene of interest stably integrated in its genome is obtained from said transformed eucaryotic cell. 

11. The process of claim 10 in which said organism is a plant which is obtained by regeneration from a transformed 
plant cell. 

40 12. The transgenic organism obtained by the process of claim 10 or claim 1 1 . 

13. A plant having in the nuclear genome of its cdls foreign DNA integrated only in the regions of the nuclear genome 
that are transcriptionally active in sakj cells of said plant when said cells are treated with an effective amount of a 
PARP inhibitor for a period of time sufficient to reduce cell metabolism to a stete where gene expression is essen- 

45 tially limited to genes expressed irrespective of the differenciated or physiological condition of the cell. 

14. A plant according to claim 13, whereby said integration of the foreign DNA in said transcriptionally active region is 
verified by measuring the level of expressed mRNA con-esponding to this foreign DNA when sakJ cells are incu- 
bated in a nr^um containing PARP. 

so 

15. A plant according to daim 13* wherein said transcriptionally active regfons of the genome of said plant include 
regions whfoh are minimally affected by cell differentiation or cell physiological and biochemical changes caused by 
external fectors such as environmental conditions, especially stress conditions. 

55 1 6. A plant according to any one of the preceeding claims, wherein said plant is a nKxiocotyledonous plant. 

17. A plant according to claim 16, wherein said plant is a cereal plant. 

18, A plant according to claim 1 7, wherein saki plant is wheat. 
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19. A plant accorcOng to anyone of the preceeding claims, wherein saJd foreign DNA comprises a DNA sequence 
expressed selectively in specific tissue of said plant 

20- A plant according to claim 19. wherein said foreign DNA comprises a DMA sequence encoding a cytotoxic mole- 
5 cule. 

21 . A DNA according to daim 20, wherein said toeign DNA comfxises a DNA sequence encoding barnase. 

22. A eucaryote cell having in the nuclear genome of its c^ls foreign DNA Integrated only in the regions of the nudear 
10 genome thai are transcriptionally active in said cells of sa^J plant when said cells are treated wHh an effective 

amount of a PARP inhibitor for a period of time suffident to reduce cell metabolism to a state where gene expres- 
sion is essentially limited to genes expressed tn-espective of the differenciated or |:rfiysidogical condition of the cell. 
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